El Niño-Southern Oscillation (ENSO) consists of irregular episodes of warm El Niño and cold La Niña conditions in the tropical Pacific Ocean 1 , with significant global socio-economic and environmental impacts 1 . Nevertheless, forecasting ENSO at lead times longer than a few months remains a challenge 2,3 . Like the Pacific Ocean, the Indian Ocean also shows interannual climate fluctuations, which are known as the Indian Ocean Dipole 4,5 . Positive phases of the Indian Ocean Dipole tend to co-occur with El Niño, and negative phases with La Niña 6-9 . Here we show using a simple forecast model that in addition to this link, a negative phase of the Indian Ocean Dipole anomaly is an efficient predictor of El Niño 14 months before its peak, and similarly, a positive phase in the Indian Ocean Dipole often precedes La Niña. Observations and model analyses suggest that the Indian Ocean Dipole modulates the strength of the Walker circulation in autumn. The quick demise of the Indian Ocean Dipole anomaly in November-December then induces a sudden collapse of anomalous zonal winds over the Pacific Ocean, which leads to the development of El Niño/La Niña. Our study suggests that improvements in the observing system in the Indian Ocean region and better simulations of its interannual climate variability will benefit ENSO forecasts.
The Indian Ocean Dipole (IOD) is the Indian Ocean equivalent of ENSO. During a positive IOD, anomalously low SSTs appear off Sumatra in summer, inducing weaker local convection and easterly wind anomalies, further increasing the initial SST anomalies through the Bjerknes feedback. The IOD peaks in October and then quickly recedes. The IOD is an intrinsic mode of variability of the Indian Ocean, but has a tendency to occur synchronously with ENSO (refs 6, 7 ; see the significant 0.6 correlation at zero-lag in Fig. 1a ). Numerous studies have investigated the interactions between simultaneous ENSO and IOD events: El Niño conditions favour the development of a positive IOD by increasing easterly wind off Sumatra in summer 14 and it has been suggested that this positive IOD could in turn retroact on El Niño [6] [7] [8] [9] . Our results demonstrate that IOD events not only tend to co-occur with ENSO events but also to lead them (see the significant −0.5 correlation at one-year lead in Fig. 1a ). Negative (positive) IODs tend to precede the development of El Niño (La Niña) events (see also the composite analyses in the Supplementary Information), whereas ENSO has no significant predictive skill of the IOD at one-year lead (Fig. 1a) . To assess the potential influence of IOD state on ENSO onset, we have constructed a bilinear regression model of ENSO combining WWV and an IOD index. Most statistical forecasts of ENSO use predictors from the tropical Pacific Ocean 2 . In agreement with the 'recharge oscillator' theory, the observed WWV provides an efficient predictor of the ENSO peak up to eight months in advance 12, 15 . However, WWV alone is not sufficient to predict the ENSO peak before the winter-spring 'predictability barrier' 2, 3 (Fig. 1b) . As westerly wind anomalies in the western Pacific are also important for El Niño development 1, 11, [16] [17] [18] , a usual approach is to combine them with WWV (ref. 2) . This enables us to hindcast the ENSO peak with a skill score above 0.75 when starting from late spring (February-April, that is, a lead of eight months, Fig. 1b ). An equivalent score can be obtained at a longer lead of 13-15 months by combining WWV with the dipole mode index 4 (DMI) in September-November (Fig. 1b) . This corresponds to a backward extension of the 0.75 skill score limit of six months, and to a large and statistically significant improvement of the score. In combination with the simple lagcorrelation analysis of Fig. 1a , this is a strong suggestion of the influence of the IOD phase on the following year's El Niño/La Niña. Using IOD information for example improves forecasts of the large 1982-1983 and 1997-1998 El Niños, whereas WWV-only forecasts predicted near-neutral conditions (Fig. 1c,d ). The hindcasts also perform well for ENSO at developing stage (Fig. 1b) . The hindcast performance is robust: it is neither significantly degraded when the regression model is trained on one half of the period, nor when the two strongest El Niño events (1982-1983 and 1997-1998) are removed ( Table 1 ). The performance of the hindcasts can be further improved by using an IOD index based on atmospheric deep convection (and hence more directly linked to the Walker circulation) rather than the classical DMI (ref. 4 ; see Table 1 and Supplementary Information).
Whereas the influence of Indian Ocean variables on ENSO predictability has been suggested before 16, 19, 20 , the present study clearly identifies the IOD as an important precursor of ENSO. It provides a skill score of 0.8 beyond one year of lead time, that is, beyond the winter-spring 'predictability barrier' 2,3 , higher than scores obtained with previous statistical 2 and dynamical 3 models ( Supplementary Fig. S4 ). It highlights that the Indian Ocean is not completely enslaved to the powerful ENSO cycle from the neighbouring Pacific: it has degrees of freedom on its own and even partially controls the ENSO state the following year. The bilinear regression normalized coefficients of the IOD index (−0.85) and WWV (0.69) suggest an equivalent importance of the IOD external forcing and Pacific heat content on ENSO at one-year lead.
Observations and model analyses give insights into the mechanism responsible for the influence of IOD phase on the subsequent year's ENSO conditions, discussed here for the case of El Niño development. Figure 2 shows the observed Indo-Pacific signature of a negative IOD (the synchronous ENSO influence has been regressed out, see the Methods section). During a negative IOD, the southeast Indian Ocean experiences a warming peaking in October (Fig. 2a) . At the time of the IOD peak, the western and central Pacific also experiences increased easterly winds (Fig. 2c) . These easterly anomalies favour the build-up of warm water [11] [12] [13] 16, 17 in the western Pacific (Fig. 2b) , providing an efficient preconditioning for El Niño to develop. After November, the eastern pole of the IOD quickly recedes 4 ( Fig. 2a-c ). This induces a quick collapse of the anomalous easterlies in the central Pacific (Fig. 2c) followed by El Niño development (Fig. 2a-c) .
To investigate the remote influence of IOD anomalies on the tropical Pacific, we have analysed a coupled general circulation model (CGCM) experiment where coupling is active over the Indian Ocean but not over the Pacific Ocean (see the Methods section). This experiment confirms that increased convection in the eastern Indian Ocean induces a speed-up of the Walker circulation (easterly anomalies over the Pacific Ocean, and westerly wind anomalies over the Indian Ocean) during autumn (Fig. 2d) . The oceanic response over the following months can be analysed in a Aug.
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simple shallow-water model experiment (see the Methods section). Easterly anomalies in autumn force an upwelling Kelvin wave and a downwelling Rossby wave, first generating cold anomalies in the eastern Pacific, as in observations (Figs 2 and 3 ). These waves reflect at both boundaries and constructively interact with waves of opposite sign generated in the central Pacific by the abrupt collapse of the easterly anomalies in early winter. This leads to eastward zonal current anomalies around the date line in winter and spring, inducing eastward advection of the warm pool 21 and warm SST anomalies (Fig. 3) . From February to March onward, air-sea coupling starts amplifying the SST and wind anomalies through the Bjerknes feedback (Fig. 2a,c) , eventually leading to El Niño development. Our analyses therefore suggest a mechanism similar to the advective-reflective 21 of ENSO, but in response to IOD-driven easterly anomalies and their abrupt relaxation. Numerous studies have illustrated the potential impact of winter-spring intraseasonal wind anomalies in the western Pacific on El Niño development 15, 16, 22, 23 . These anomalies include the Madden-Julian Oscillation 24 at periods of 30-100 days and westerly wind bursts 16, 23 at higher frequency. The detailed evolution of westerly wind bursts and the Madden-Julian Oscillation cannot be predicted beyond a couple of weeks. This sounds at odds with the present study, which shows that ENSO is highly predictable as far as 18 months in advance (Fig. 1b) . This can be understood in the context of the mechanism proposed above. Previous studies have shown that intraseasonal wind variability is modulated by western Pacific low-level westerlies and warm-pool extension [24] [25] [26] . The IOD-induced winter-spring eastward displacement of the warm pool could hence result in an increase of intraseasonal variability 27 , as shown in Fig. 4 . The IOD index thus contains information on both interannual wind anomalies in the western-central Pacific (Fig. 2c) and modulation of intraseasonal wind activity that precede El Niños 15, 24, 25 . This change in intraseasonal wind variability in the western Pacific could contribute to El Niño growth 15, 22, 23 together with the lower-frequency wind anomaly.
Combining IOD and WWV influences pushes the 0.8 skill score limit of ENSO backward in time, 13-15 months before the ENSO peak. This increased predictability stems from the partial independence of the Indian Ocean from the Pacific Ocean. The paradigm proposed here also suggests a possible explanation for the biennial tendency of IOD (ref. 4) and ENSO (ref. 28): a negative IOD tends to induce an El Niño the following year, which is often associated with a positive IOD favouring a subsequent La Niña. This seems to be confirmed by coupled model experiments, which show a diminished biennial tendency for ENSO when climatological conditions are specified in the Indian Ocean 8, 28 . Previous studies have underlined a possible interdecadal change of teleconnections between ENSO and the Indian Ocean 7 . Repeating the hindcast exercise of Fig. 1 before 1980 is difficult, because reliable WWV data is then unavailable. It is hence difficult to explore the interdecadal stability of the IOD influence on the following year's ENSO in observations. The simple correlation between the IOD and the following year's ENSO computed using several indices and data sets (Supplementary Table S1) (−0.48 to −0.55). This might be due to changes in the observational system (the decrease in correlation is actually weak and non-significant when using the most stable observational data sets; see Supplementary Analysis 2.4a), and also to interdecadal fluctuations of the IOD influence on the following year's ENSO. Analyses of a long CGCM experiment suggest clear interdecadal fluctuations of the relative influences of IOD and WWV conditions on the following year's ENSO state (Supplementary Analysis 2.4b). Although the IOD influence on the following year's ENSO was strong for the recent period, it may hence have also experienced interdecadal fluctuations.
This study highlights the need for a better understanding of links between the Indian and Pacific oceans. This is a necessary step, to identify the Indo-Pacific interactions that need to be resolved in coupled ocean-atmosphere forecasting systems, which eventually represent the most complete way forward for seasonal forecasting. Integrating the present results within such forecasting systems could push ENSO predictability further ahead, as the IOD and WWV can be forecasted one to two seasons in advance 29 (see Supplementary Information). For achieving this improved understanding and a better constraint on dynamical forecasting systems, a necessary step forward is the achievement of a similar observing system in the Indian Ocean to those already established in the tropical Pacific and Atlantic oceans 30 . The linear regression coefficient a is then plotted, with a minus sign to illustrate the negative IOD case. For Fig. 4 , the amplitude of wind stress variability during each winter (December-March) is estimated using the standard deviation of the 30-100 days' band-pass-filtered wind stress, and the resulting field is then linearly regressed to the IOD index, as for Fig. 2a-c. Models. In Fig. 2d , we use the SINTEX-F CGCM (ref. 29) to investigate the signature of the IOD over the Pacific Ocean 8 . In this specific simulation, the SST over the Pacific is constrained to the coupled model climatology to 'switch-off' coupling over the Pacific Ocean. As a result, ENSO is absent from this simulation and Pacific Ocean signals result only from atmospheric teleconnections. In Fig. 3 , we have used a shallow-water model to investigate the oceanic response to the IOD-external forcing, represented as a Gaussian wind patch (centred at 0
• N, 170
• E, with e-folding widths of 30
• in longitude and 7.5
• in latitude, and a maximal amplitude of −0.01 N m −2 ) applied from September to November. A simple SST equation including advection of climatological SST gradients by the shallow-water currents and thermocline effects enables estimation of the SST anomalies. The CGCM and shallow-water models, and the SST equation, are described in more detail in the Supplementary Information.
A schematic diagram summarizing the main mechanism and several other analyses are provided in the Supplementary Information.
